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structure formed on the at least one semiconductor device,
and a piezoelectric layer formed on the shielding structure.
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SEMICONDUCTOR MODULE INCLUDING
PIEZOELECTRIC LAYER AND METHOD
FOR MANUFACTURING THE SAMEL

This application claims the benefit of People’s Republic
of China application Serial No. 202010781779.0, filed Aug.

6, 2020, the subject matter of which 1s incorporated herein
by reference.

BACKGROUND

Technical Field

The disclosure relates to a semiconductor module and a
method for manufacturing the same, and more particularly
to a semiconductor module 1including a piezoelectric layer
and a method for manufacturing the same.

Description of the Related Art

A conventional stacked semiconductor device 1s usually
manufactured by stacking semiconductor elements and
interconnecting the semiconductor elements using bonding
technology. Common bonding technology includes wire
bonding, thp chip and through silicon via (TSV).

Wire bonding 1s the method of making interconnections
between, for instance, a chip and a lead frame or an external
circuit by metal wires. Wire bonding can be categorized into
different types, such as wedge bonding or ball bonding, by
the shape of the end of the bonding wire. Flip chip 1s the
method of making interconnections by tlipping over chips
and interconnecting the chips to a substrate with solder
bumps that have been deposited onto the chip pads. Through
silicon via 1s the method of making interconnections
between vertically stacked semiconductor elements by vias
that pass through a chip and conductive materials filled in
the vias.

Take front end modules (FEM) as an example. A front end
module may be manufactured by the following steps: manu-
facturing a surface acoustic wave (SAW) filter and an
integrated circuit (IC) substrate in different processes, and
stacking the SAW filter on the IC substrate, and then using
bonding technology, such as wire bonding, flip chip or
through silicon via (TSV), to make interconnections
between the SAW filter and the IC substrate. However,
conventional bonding technology faces several challenges,
for istance, alignment accuracy, stability of the bonding
wires, and additional bonding processes lead to poor con-
trollability of individual semiconductor element, such as
SAW filter, high production cost, low integration and per-
formance of the semiconductor device.

SUMMARY

The present disclosure relates to a semiconductor module
and a method for manufacturing the same.

According to an embodiment of the present disclosure, a
semiconductor module 1s provided. The semiconductor
module includes a substrate, a shielding structure and a
piezoelectric layer. The substrate includes a front side and at
least one semiconductor element formed on the front side.
The shielding structure 1s formed on the at least one semi-
conductor element. The piezoelectric layer 1s formed on the
shielding structure.

According to another embodiment of the present disclo-
sure, a method for manufacturing a semiconductor module
1s provided. The method includes the following steps: pro-
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2

viding a substrate, wherein the substrate includes a front side
and at least one semiconductor element formed on the front
side; forming a shielding structure on the at least one
semiconductor element; forming a piezoelectric layer on the
shielding structure.

The above and other embodiments of the disclosure will
become better understood with regard to the following
detailed description of the non-limiting embodiment(s). The

following description 1s made with reference to the accom-
panying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates a schematic view ol a semiconductor
module according to an embodiment of the present disclo-
sure.

FIG. 2A 1llustrates a schematic top view of a conductive
structure according to an embodiment of the present disclo-
sure.

FIG. 2B 1llustrates a schematic top view of a conductive
structure according to an embodiment of the present disclo-
sure.

FIG. 3 illustrates a schematic view of a semiconductor
module according to another embodiment of the present
disclosure.

FIGS. 4A-4E illustrate a method for manufacturing a
semiconductor module according to an embodiment of the
present disclosure.

DETAILED DESCRIPTION

In the embodiments of the present disclosure, a semicon-
ductor module and a method for manufacturing the same are
provided. The semiconductor module comprises a substrate,
a shielding structure and a piezoelectric layer. The substrate
comprises a Iront side and at least one semiconductor
clement formed on the front side. The shielding structure 1s
formed on the at least one semiconductor element. The
piezoelectric layer 1s formed on the shielding structure. With
such configuration, the semiconductor module can be
formed without using an additional bonding process, thereby
improving the controllability, integration and performance
of the semiconductor module.

Various embodiments will be described more fully here-
iafter with reference to accompanying drawings, which are
provided for 1llustrative and explaining purposes rather than
a limiting purpose. For clarity, the components may not be
drawn to scale. In addition, some components and/or refer-
ence numerals may be omitted from some drawings. It 1s
contemplated that the elements and features of one embodi-
ment can be beneficially incorporated in another embodi-
ment without further recitation.

Moreover, use of ordinal terms such as “first”, “second”,
“third™, etc., 1n the specification and claims to modily an
clement does not by itself connote any priority, precedence,
or order of one claim element over another or the temporal
order 1n which acts of a method are performed, but are used
merely as labels to distinguish one claim element having a
certain name from another element having the same name
(but for use of the ordinal term) to distinguish the claim
clements. Also, the terms for describing spatial relationship
between two elements/features, such as “beneath”, “below”,
“lower”, “upper”, “above”, “on”, etc., can be referred to the
spatial relationship between one element/feature and another
clement/feature, unless specially defined. It will be apparent
to those skilled 1n the art that those spatially-related terms

include not only the configuration/position of the elements
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as shown 1n the figures, but also the configuration/position
of the elements 1n the use or operation. Theretfore, the terms
in the specification and claims are used for describing the
embodiments, and are not intended to limit the scope of the
disclosure. Additionally, the identical and/or similar ele-
ments of the embodiments are designated with the same
and/or similar reference numerals for clear 1illustration.

FIG. 1 illustrates a schematic view of a semiconductor
module 10 according to an embodiment of the present
disclosure. The semiconductor module 10 includes a sub-
strate 100, a shielding structure 107 and a piezoelectric layer
109. The substrate 100 includes at least one semiconductor
clement 103 formed on a front side of the substrate 100. The
shielding structure 107 1s formed on the semiconductor
clement 103. The piezoelectric layer 109 1s formed on the
shielding structure 107.

In an embodiment, the substrate 100 may include a
supporting piece 101, a first circuit layer 102 and semicon-
ductor elements 103. The supporting piece 101 1s provided
in a plane determined by a first direction D1 and a second
direction D2. An upper surface 101U of the supporting piece
101 1s perpendicular to a third direction D3. The first
direction D1, the second direction D2 and the third direction
D3 are perpendicular to each other. The semiconductor
clements 103 are formed on the upper surface 101U of the
supporting piece 101. The first circuit layer 102 1s disposed
between the semiconductor elements 103 and the upper
surface 101U of the supporting piece 101 so as to provide
clectrical connections between the semiconductor elements
103 and the supporting piece 101.

In an embodiment, the front side of the substrate 100 may
be understood as a side of the substrate 100 where an
integrated circuit 1s disposed. The front side of the substrate
100 1s opposite to a rear side of the substrate 100, and the
rear side of the substrate 100 1s provided without an inte-
grated circuit. In other words, the front side of the substrate
100 and the upper surface 101U of the supporting piece 101
may face the same direction. In an embodiment, the sup-
porting piece 101 may be a handling wafer or a substrate
containing silicon, such as a silicon-on-insulator (SOI) sub-
strate.

In an embodiment, the first circuit layer 102 may include
an 1terlayer dielectric (ILD) material 102a. In an embodi-
ment, a metal interconnection 1025 1s formed 1n the inter-
layer dielectric material 102a by wire routing technology to
form the first circuit layer 102. In an embodiment, the first
circuit layer 102 may include a redistribution layer (RDL).

The semiconductor element 103 may be a radio frequency
(RF) front end element used in wireless communication. For
example, 1n an embodiment, the semiconductor element 103
may be a functional substrate having embedded inductors,
wires and couplers. In another embodiment, the semicon-
ductor element 103 may be a front end module (FEM) that
may be integrated with controllers, power amplifiers and
other semiconductor switches on an integrated circuit sub-
strate.

The shielding structure 107 may be formed above the
semiconductor elements 103. Specifically, the shielding
structure 107 1s formed above the semiconductor elements
103 along the third direction D3, and the shielding structure
107 and the supporting piece 101 are disposed on opposite
sides of the semiconductor elements 103. The semiconduc-
tor module 10 may include a second circuit layer 104 and a
metal layer 105 disposed between the shielding structure
107 and the semiconductor elements 103. The metal layer
105 may be a metal pad with a thickness 1n the nanoscale.
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In an embodiment, the metal layer 105 may have a thickness
ranging from 0.5 micrometers (UM) to 1 millimeters (mm).

The second circuit layer 104 may be disposed between the
metal layer 105 and the semiconductor elements 103 so as
to provide electrical connections between the metal layer
105 and the semiconductor elements 103. In an embodiment,
the second circuit layer 104 1s stmilar to the first circuit layer
102. The second circuit layer 104 may include an iterlayer
dielectric material 104a and a metal interconnection 1045.
In another embodiment, the second circuit layer 104 may
include a redistribution layer.

In an embodiment, the shielding structure 107 may be
made of a dielectric material or a magnetic material. For
example, the magnetic material may include {ferrite, soft
magnetic material and so on. Soft magnetic material may
include Fe, Co, N1 or an alloy thereof. In another embodi-
ment, the shielding structure 107 may be made of SIN, a low
dielectric constant material, HIO_, S10,, AIN, Al,O,, ZnO,
lead zirconate titanate (PZT), LiTaO,, LiNbO, or Fe, O,.

However, the present disclosure 1s not limited to the material
of the shielding structure 107.

In this embodiment, the shielding structure 107 may
include a first shielding layer 1074 having a first density and
a second shielding layer 1075 having a second density. The
first shielding layer 107a 1s stacked on the semiconductor
clements 103 in the third direction D3. The second shielding
layer 1075 1s stacked on the first shielding layer 107a 1n the
third direction D3. In an embodiment, the first density of the
first shielding layer 107a 1s greater than the second density
of the second shielding layer 1075. In another embodiment,
the first shielding layer 107a 1s less than the second density
of the second shielding layer 1075.

Specifically, the first shielding layer 107a and the second
shielding layer 1075 may be laminated to form the shielding
structure 107 with a laminated structure 1n a lamination
process. The lamination process can improve the strength
and stability of the shielding structure 107. The greater the
difference between the first density of the first shielding
layer 107a and the second density of the second shielding
layer 1075, the better the performance of the semiconductor
module 10. For example, the first density of the first shield-
ing layer 107a may be approaching zero, the second density
of the second shielding layer 1075 may be approaching a
density of Tungsten (the density of Tungsten 1s about 19.35
g/cm”), and vice versa.

For example, the first shielding layer 107q may include a
high dielectric constant material (high-k material), the sec-
ond shielding layer 10756 may include a low dielectric
constant material (low-k maternial), and vice versa. The high
dielectric constant material and the low dielectric constant
material may be selected from those known 1n the art. For
example, the low dielectric constant material may include
SIN, S10,, fluorinated silicate glass (FSG), an ultra-low-k
material (ULK) or nitrogen doped carbide (NDC). The high
dielectric constant material may include H1O,, AlO_, ZrO,,
La,O; or any other suitable material.

Although the shielding structure 107 described above may
have a double layer structure, the shielding structure 107
may further include a third shielding layer (not shown)
stacked on the second shielding layer 1076 in the third
direction D3 1n another embodiment. The third shielding
layer may include a matenal the same as or different from
the material of the first shielding layer 107a and/or the
second shielding layer 1075. The third shielding layer has a
third density different from the second density of the second
shielding layer 1075 adjacent to the third shielding layer, but
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the third density of the third shielding layer may be the same
as or different from the first density of the first shielding
layer 107a.

In an embodiment, the semiconductor module 10 may
include a first bufller layer 106 disposed between the metal
layer 105 and the shielding structure 107. In other words, the
first buller layer 106 1s formed between the shielding struc-
ture 107 and the semiconductor elements 103. In an embodi-
ment, the first butler layer 106 may include, but not limited
to, oxide, nitrogen oxide or carbon nitride. For example, the
first bufller layer 106 may include silicon oxynitride (S10N)
or silicon carbonitride (S1CN). In an embodiment, the first
bufler layer 106 may increase the heat dissipation efliciency
of the semiconductor module 10. In an embodiment, the first
bufler layer 106 may improve the interfacial compatibility
between elements 1n different layers; for example, the first
bufler layer 106 may improve the interfacial compatibility
between the metal layer 105 and the shielding structure 107
so that the metal layer 105 and the shielding structure 107
can be connected stably to each other.

The piezoelectric layer 109 may be formed on the shield-
ing structure 107. Specifically, in the third direction D3, the
piezoelectric layer 109 may be formed on the shielding
structure 107, and the piezoelectric layer 109 and the semi-
conductor elements 103 may be disposed on opposite sides
of the shielding structure 107. The piezoelectric layer 109
may be made of a piezoelectric material. The piezoelectric
material may include piezoelectric crystal, such as piezo-
clectric single crystal or piezoelectric polycrystal, piezoelec-
tric polymer, or piezoelectric composite material. Specifi-
cally, the piezoelectric material may include AIN, quartz,
L1Ta0;, LiNbO,, ceramics, lead zirconate titanate (PZT),
polyvinylidene fluoride (PVDF) and copolymers thereof,
polyvinyl chloride (PVC), a composite material made from
ceramics and polymers, or any other suitable piezoelectric
material.

In this embodiment, the piezoelectric layer 109 1s formed
on the shielding structure 107 directly without using an
additional bonding process to accomplish the connection
between the piezoelectric layer 109 and the shielding struc-
ture 107. That 1s to say, the piezoelectric layer 109 may be
integrated into the semiconductor module 10 without an
additional welding process or solder bumps or vias for
connecting. Therefore, the reliability of the semiconductor
module 10 will not be decreased due to poor alignment
accuracy or unstable quality of the bonding wires, and the
controllability of the piezoelectric layer 109 can also be
increased. In other words, the problems 1n the prior art that
clements are diflicult to be well controlled, resulting from
using a bonding process to connect elements, can be solved
by the present disclosure. Also, the consistency, integration
and performance of the semiconductor module 10 can be
improved by the present disclosure.

As shown 1n FIG. 1, the semiconductor module 10 may
include a conductive structure 110 embedded 1n the piezo-
clectric layer 109. The conductive structure 110 may pass
completely through the piezoelectric layer 109 (i.e. from an
upper surface to a lower surface) 1n the third direction D3.
In this embodiment, the conductive structure 110 may
include interdigitated electrodes 210/211 extending along
the third direction D3. The interdigitated electrodes 210/211
are arranged apart from each other in the piezoelectric layer
109 along the second direction D2.

For example, referring to FIG. 2A, FIG. 2A 1llustrates a
schematic top view of the conductive structure 110 shown 1n
FIG. 1. In this embodiment, the conductive structure 110
includes at least one set of the interdigitated electrodes
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210/211 disposed 1n the piezoelectric layer 109, wherein the
interdigitated electrode 210 includes conductive fingers
110F1 connected to each other, the interdigitated electrode
211 1includes conductive fingers 110F2 connected to each
other. The mnterdigitated electrode 210 and the interdigitated

clectrode 211 are arranged apart from each other 1n a plane
determined by the first direction D1 and the second direction
D2, and the conductive fingers 110F1 of the mterdigitated
clectrode 210 and the conductive fingers 110F2 of the
interdigitated electrode 211 are arranged apart from each
other. The interdigitated electrodes 210/211 of the conduc-
tive structure 110 may be arranged to form a metal oxide
metal capacitor (MOM CAP).

In an embodiment, the set of the interdigitated electrodes
210/211 of the conductive structure 110 may form an
interdigital transducer (IDT). In other words, the conductive
structure 110 may include an interdigital transducer. In this
case, the conductive structure 110 and the piezoelectric layer
109 may be functioned as a filter, such as a SAW f{ilter. When
the conductive structure 110 and the piezoelectric layer 109
1s Tunctioned as a filter, the set of the interdigitated elec-
trodes 210/211 of the conductive structure 110 may be input
clectrode and output electrode respectively.

In another embodiment, the set of the interdigitated elec-
trodes 210/211 of the conductive structure 110 may include
different configurations so as to form different types of filter,
such as a transverse filter, a multistrip coupler filter, an
interdigitated interdigital transducer, a double-mode filter
and so on. In addition, the semiconductor module 10 may
further include a resonant circuit to decrease the insertion
loss of the filter.

It should be noted that the conductive structure 110 may
have another configurations. While the interdigitated elec-
trodes 210/211 passes through the piezoelectric layer 109
along the third direction D3 in the embodiment shown 1n
FIG. 2A, the conductive structure 110 may be merely
disposed on the upper surface of the piezoelectric layer 109
in another embodiment. FIG. 2A merely shows one set of the
interdigitated electrodes 210/211, the interdigitated elec-
trode 210 includes three conductive fingers 110F1, and the
interdigitated electrode 211 includes four conductive fingers
110F2. However, the conductive structure 110 may include
multiple sets of the interdigitated electrodes 210/211 (for
example, in FIG. 2B, the conductive structure 110 include
three sets of the interdigitated electrodes 210/211), and the
present disclose 1s not mtended to limit the number of the
conductive fingers 110F1/110F2. In other embodiments, the
number of the conductive fingers 110F1/110F2 may be
increased or decreased according to the design of the semi-
conductor module 10.

In an embodiment, the semiconductor module 10 may
include a second bufler layer 108 disposed on the shielding
structure 107. As shown 1n FIG. 1, 1n the third direction D3,
the first bufler layer 106 and the second bufler layer 108 may
be disposed on opposite sides of the shielding structure 107.
In other words, the second bufier layer 108 1s formed
between the shielding structure 107 and the piezoelectric
layer 109. In an embodiment, the second butler layer 108
may include, but not limited to, oxide, nitrogen oxide or
carbon nitride. For example, the second bufler layer 108 may
include silicon oxynitride (S1ON) or silicon carbonitride
(S1CN). In an embodiment, the second bufler layer 108 and
the first bufler layer 106 may include the same matenal or
may be made of the same material.

In an embodiment, the second bufler layer 108 may
absorb the electromagnetic wave in the semiconductor mod-
ule 10. In an embodiment, the second bufler layer 108 may
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improve the interfacial compatibility between elements 1n
different layers; for example, the second butfler layer 108
may i1mprove the interfacial compatibility between the
shielding structure 107 and the piezoelectric layer 109 so
that the shielding structure 107 and the piezoelectric layer
109 can be connected stably to each other.

The semiconductor module 10 may include a first pro-
tecting layer 111 disposed on the piezoelectric layer 109. In
an embodiment, the first protecting layer 111 1s disposed on
the upper surface of the piezoelectric layer 109; the second
bufler layer 108 1s disposed on the lower surface of the
piezoelectric layer 109; the conductive structure 110 passes
through the first protecting layer 111, the piezoelectric layer
109 and the second builer layer 108 along the third direction
D3; lower ends of the conductive structure 110 1n the third
direction D3 1s disposed in the second builer layer 108.

The semiconductor module 10 may include a second
protecting layer 112 disposed on the first protecting layer
111. In an embodiment, the second protecting layer 112 1s
disposed on an upper surface of the first protecting layer 111
and sidewalls of the first protecting layer 111, the piezoelec-
tric layer 109 and the second bufler layer 108. In an
embodiment, the second protecting layer 112 1s disposed on
part of upper surface and part of sidewall of the shielding
structure 107.

In an embodiment, the first protecting layer 111 and the
second protecting layer 112 may include the same or dif-
ferent maternals. In an embodiment, the first protecting layer
111 and the second protecting layer 112 may include dielec-
tric materials. In an embodiment, the first protecting layer
111 and the second protecting layer 112 may include mate-
rials compatible with the complementary metal-oxide-semi-
conductor (CMOS) process in the art, such as nitride, oxide
or ceramic material. In an embodiment, the first protecting
layer 111 and the second protecting layer 112 may include
S1N.

In an embodiment, the first protecting layer 111 and the
second protecting layer 112 may increase the stiflness of the
semiconductor module 10.

The semiconductor module 10 may include an oxide
structure 113 disposed on the protecting layer 112.

The semiconductor module 10 may include a contact
structure 114. In an embodiment, the contact structure 114 1s
disposed on an upper surface of the metal layer 105 so as to
provide electrical connections between the metal layer 105
and other circuits or elements (not shown).

In an embodiment, when the conductive structure 110 and
the piezoelectric layer 109 1s functioned as a SAW filter, the
shielding structure 107 may increase the signal, the first
protecting layer 111 and the second protecting layer 112 may
improve the performance of the SAW filter, the metal layer
105 may be used to dissipate heat and prevent the heat
generated by the SAW filter from transierring to a region
between the metal layer 105 and the supporting piece 101.
For example, the metal layer 105 may be used to prevent the
heat generated by the SAW filter from transferring to the
semiconductor elements 103. The first protecting layer 111
may increase the stiflness of the SAW filter, and improve the
performance of the SAW filter, such as the performance of
the SAW filter at high frequency. Two SAW f{ilters may be
clectrically 1solated from each other by the second protect-
ing layer 112, or two SAW filters may be electrically 1solated
from the contact structure 114 by the second protecting layer
112. In an embodiment, the semiconductor module 10 may
include a temperature detecting circuit (not shown) and/or a
temperature compensation circuit so as to prevent the sta-
bility of the SAW filter from being decreased with tempera-
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ture. In an embodiment, the semiconductor elements 103
may include a temperature detecting circuit (not shown).

FIG. 3 illustrates a schematic view ol a semiconductor
module 30 according to another embodiment of the present
disclosure. The structure of the semiconductor module 30 1s
substantially similar to that of the semiconductor module 10;
the difference between them is that a semiconductor element
303 shown 1n FIG. 3 may include a gallium nitride (GalN)
based device and a radio frequency-silicon on Insulator
(RF-SOI) device, and a shielding structure 307 of the
semiconductor module 30 1s different from the shielding
structure 107 of the semiconductor module 10.

In this embodiment, the semiconductor module 30
includes a substrate 300, the shielding structure 307 and a
piezoelectric layer 309. The substrate 300 includes a sup-
porting piece 301, a first circuit layer 302 and the semicon-
ductor element 303. The shielding structure 307 1s formed
on the semiconductor element 303. The piezoelectric layer
309 is formed on the shielding structure 307.

The first circuit layer 302 1s formed on an upper surface

301U of the supporting piece 301, and including an inter-
layer dielectric material 302a and a metal 1nterconnection
302b. The semiconductor element 303 1includes two RF-SOI
devices 303a and a GalN based device 3035. The RF-SOI
devices 303q are disposed above the first circuit layer 302.
The GaN based device 3035 1s disposed above the RF-SOI
devices 303a. The semiconductor module 30 may include a
dielectric butler layer 315 between the RF-SOI devices 303a
and the GaN based device 3035.
The semiconductor module 30 may include a second
circuit layer 304 and a metal layer 305 disposed between the
shielding structure 307 and the semiconductor element 303.
The metal layer 305 may be a metal pad with a thickness 1n
the nanoscale. In an embodiment, the metal layer 305 may
have a thickness ranging from 0.5 micrometers to 1 milli-
meters. The second circuit layer 304 may be disposed
between the metal layer 305 and the semiconductor element
303 so as to provide electrical connections between the
metal layer 305 and the semiconductor element 303. In an
embodiment, the second circuit layer 304 1s similar to the
first circuit layer 302. The second circuit layer 304 may
include an interlayer dielectric material 304a and a metal
interconnection 30454. In another embodiment, the second
circuit layer 304 may include a redistribution layer.

The present disclose 1s not mtended to limit the material
of the shielding structure 307. In an embodiment, the
shielding structure 307 may include a dielectric material or
a magnetic material. For example, the magnetic material
may include ferrite, soit magnetic material, SIN, a low

dielectric constant material, HIO_, S10,, AIN, Al,O,, ZnO,
lead zirconate titanate (PZT), Li1TaO;, LiNbO; or Fe,O,.

In this embodiment, the shielding structure 307 may have
a single layer structure with a gradient density. Specifically,
the shielding structure 307 has a density that gradually
becomes larger or smaller along the stack direction of the
supporting piece 301, the first circuit layer 302, the semi-
conductor element 303, the shuelding structure 307, and the
piezoelectric layer 309. The stack direction of the supporting
piece 301, the first circuit layer 302, the semiconductor
clement 303, the shuelding structure 307, and the piezoelec-
tric layer 309 may also be understood as the third direction
D3. In an embodiment, along the stack direction, the density
of the shielding structure 307 decreases as the distance away
from the piezoelectric layer 309 increases. In another
embodiment, along the stack direction, the density of the
shielding structure 307 decreases as the distance away from
the piezoelectric layer 309 decreases.
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In an embodiment, the semiconductor module 30 may
include a first butler layer 306 disposed between the metal
layer 305 and the shleldlng structure 307. In other words, the
first bufler layer 306 1s formed between the shielding struc-
ture 307 and the semiconductor element 303. The first butler
layer 306 may include, but not limited to, oxide, nitrogen
oxide or carbon mitride. The first bufler layer 306 may
increase the heat dissipation efliciency of the semiconductor
module 30, and mmprove the interfacial compatibility
between the metal layer 305 and the shielding structure 307
so that the metal layer 305 and the shielding structure 307
can be connected stably to each other.

The piezoelectric layer 309 may be formed on the shield-
ing structure 307, and the piezoelectric layer 309 and the
semiconductor element 303 may be disposed on opposite
sides of the shielding structure 307. The piezoelectric layer
309 may be made of a piezoelectric matenal. In this embodi-
ment, the piezoelectric layer 309 1s formed on the shielding
structure 307 directly without using an additional bonding
process to accomplish the connection between the piezo-
clectric layer 309 and the shielding structure 307. Therelore,
the reliability of the semiconductor module 30 will not be
decreased due to poor alignment accuracy or unstable qual-
ity of the bonding wires, and the controllability of the
piezoelectric layer 309 can also be increased.

The semiconductor module 30 may include a conductive
structure 310 embedded in the piezoelectric layer 309. In
this embodiment, the conductive structure 310 1s the same as
the conductive structure 110 shown 1n FIGS. 1 and 2, that 1s,
the conductive structure 310 includes at least one set of the
interdigitated electrodes 210/211 disposed 1n the piezoelec-
tric layer 309. The mnterdigitated electrodes 210/211 of the
conductive structure 310 may form an interdigital transducer
(IDT).

The semiconductor module 30 may include a second
bufler layer 308, a first protecting layer 311, a second
protecting layer 312 and an oxide structure 313. The second
butler layer 308 1s disposed between the shielding structure
307 and the piezoelectric layer 309, and the first buller layer
306 and the second butler layer 308 are disposed on opposite
sides of the shielding structure 307. The first protecting layer
311 1s disposed on the piezoelectric layer 309. The second
protecting layer 312 1s disposed on the first protecting layer
311, and covering sidewalls of the shielding structure 307,
the ﬁrst protecting layer 311, the piezoelectric layer 309 and
the second bufler layer 308. The oxide structure 313 1s
disposed on the second protecting layer 312.

The second bufler layer 308 may include, but not limited
to, oxide, nitrogen oxide or carbon nitride. The second bufler
layer 308 may absorb the electromagnetic wave i1n the
semiconductor module 30 and improve the interfacial com-
patibility the shielding structure 307 and the piezoelectric
layer 309 so that the shielding structure 307 and the piezo-
clectric layer 309 can be connected stably to each other. The
first protecting layer 311 and the second protecting layer 312
may increase the stiflness of the semiconductor module 30.

The semiconductor module 30 may include a contact
structure 314 disposed on an upper surface of the metal layer
305 so as to provide electrical connections between the
metal layer 305 and other circuits or elements (not shown).

FIGS. 4A-4E illustrate a method for manufacturing a
semiconductor module according to an embodiment of the
present disclosure. FIGS. 4A-4E illustrate schematic sec-
tional views of the semiconductor module 10 1n the manu-
facturing process. The method includes the following steps:

Referring to FIG. 4A, a substrate 100 1s provided. The

substrate 100 1includes a supporting piece 101, a first circuit
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layer 102 and semiconductor elements 103. The semicon-
ductor elements 103 are formed on the upper surface 101U
of the supporting piece 101. The first circuit layer 102 1s
disposed between the semiconductor elements 103 and the
upper surtace 101U of the supporting piece 101 so as to
provide electrical connections between the semiconductor
clements 103 and the supporting piece 101. The first circuit
layer 102 may include an interlayer dielectric maternial 102a
and a metal iterconnection 1025. In an embodiment, pro-
viding the substrate 100 may include depositing the inter-
layer dielectric material 102 and the metal interconnection
1025 on the upper surface 101U of the supporting piece 101
according to a circuit layout to form the first circuit layer
102.

Then, a second circuit layer 104 1s formed on an upper
surface of the semiconductor elements 103. In an embodi-
ment, the second circuit layer 104 1s similar to the first
circuit layer 102. The second circuit layer 104 may include
an interlayer dielectric material 104a and a metal 1ntercon-
nection 1045, In an embodiment, the interlayer dielectric
material 104a and the metal interconnection 1045 may be
deposited on the upper surtace 101U of the supporting piece
101 according to a circuit layout to form the second circuit
layer 104. Then, a metal layer 105 1s formed on the second
circuit layer 104. The second circuit layer 104 1s disposed
between the metal layer 105 and the semiconductor elements
103. In an embodiment, the metal layer 105 may be depos-
ited on the second circuit layer 104.

A first bufler layer 106 1s formed on an upper surface of
the metal layer 105. Then, a shielding structure 107 1s
formed on an upper surface of the first bufler layer 106. In
an embodiment, the first bufler layer 106 may be deposited
on the upper surface of the metal layer 1035, and the shielding
structure 107 may be deposited on the upper surface of the
first butler layer 106.

In an embodiment, forming the shielding structure 107
may include forming a first shielding layer 107a and a
second shielding layer 107b. Specifically, forming the
shielding structure 107 may include the following step:
forming the first shielding layer 1074 having a first density,
wherein the first shielding layer 107a 1s stacked on the
semiconductor elements 103; forming the second shielding
layer 1075 having a second density, wherein the second
shuelding layer 1075 1s stacked on the first shielding layer
107a. In an embodiment, the first shielding layer 1074 and
the second shielding layer 1075 may be formed on the first
bufler layer 106 sequentially, for example, by a deposition
process. In another embodiment, the shielding structure 107
including the first shielding layer 107 and the second
shielding layer 1075 may be formed 1n another process, and
then the shielding structure 107 including the first shielding
layer 107a and the second shielding layer 1075 1s connected
with the first bufler layer 106 using bonding technology.

Retferring to FIG. 4B. After the forming of the shielding
structure 107, a second bufler layer 108 1s formed on an
upper surface of the shielding structure 107, a piezoelectric
layer 109 1s formed on an upper surtace of the second builer
layer 108, and then a first protecting layer 111 1s formed on
an upper surface of the piezoelectric layer 109. In an
embodiment, the second bufler layer 108, the piezoelectric
layer 109 and the first protecting layer 111 may be formed
by deposition processes or bonding technology.

Referring to FIG. 4C, a conductive structure 110 1s then
formed to pass through the piezoelectric layer 109. In an
embodiment, a portion of the second bufler layer 108, the
piezoelectric layer 109 and the first protecting layer 111 1s
removed to formed first opemings 501, wherein the first
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openings 501 expose the second butler layer 108; a conduc-
tive material 1s then deposited 1n the first openings 501 to
form the conductive structure 110. In an embodiment, a
portion of the second builer layer 108, the piezoelectric layer
109 and the first protecting layer 111 may be removed by an
etching process.

Referring to FIG. 4D, a portion of the shielding structure
107, the second butler layer 108, the piezoelectric layer 109
and the first protecting layer 111 1s removed to form second
openings 502. The second openings 502 expose sidewalls of
the second bufler layer 108, the piezoelectric layer 109 and
the first protecting layer 111. The second openings 502
expose the shielding structure 107. In an embodiment, the
second openings 302 expose part of sidewalls of the shield-
ing structure 107. In an embodiment, a portion of the
shielding structure 107, the second bufler layer 108, the
piezoelectric layer 109 and the first protecting layer 111 may
be removed by an etching process.

Referring to FIG. 4E, a second protecting layer 112 1s
formed on sidewalls of the second openings 502, bottoms of
the second openings 502 and an upper surface of the first
protecting layer 111 after the processing stage shown 1n FIG.
4D. The second protecting layer 112 covers the conductive
structure 110. The second protecting layer 112 on the
bottoms of the second opemings 502, the shielding structure
1077 and the first bufler layer 106 1s then removed to expose
the metal layer 105. In an embodiment, the removing step
may be performed by an etching process.

After the processing stage shown in FIG. 4E, an oxide
structure 113 and a contact structure 114 may be formed to
form the semiconductor module shown 1n FIG. 1.

In the conventional semiconductor module, a filter 1s
manufactured 1in advance, and then the filter 1s mounted on
a front end module of the conventional semiconductor
module using an additional bonding process. In contrast to
the conventional semiconductor module, in the present
disclosure, a shielding structure 1s formed on a front end
module, and a piezoelectric structure 1s directly formed on
the shielding structure using, for example, a deposition
process or bonding technology afterwards; then, performing,
a back end of line (BEOL) process to form one or more SAW
filter. As such, the present disclosure can avoid the problems
of alignment accuracy and unstable quality of bonding wires
resulting from additional bonding processes. In addition,
without additional bonding processes, the SAW filter of the
semiconductor module provided by the present disclosure
can be well controlled, the integration and performance of
the semiconductor module provided by the present disclo-
sure can be increased, and the production cost can be
reduced.

It 1s noted that the structures and methods as described
above are provided for illustration. The disclosure 1s not
limited to the configurations and procedures disclosed
above. Other embodiments with different configurations of
known elements can be applicable, and the exemplified
structures could be adjusted and changed based on the actual
needs of the practical applications. It 1s, of course, noted that
the configurations of figures are depicted only for demon-
stration, not for limitation. Thus, 1t 1s known by people
skilled 1n the art that the related elements and layers 1n a
semiconductor module, the shapes or positional relationship
ol the elements and the procedure details could be adjusted
or changed according to the actual requirements and/or
manufacturing steps of the practical applications.
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While the disclosure has been described by way of
example and 1n terms of the exemplary embodiment(s), it 1s
to be understood that the disclosure 1s not limited thereto. On
the contrary, 1t 1s mtended to cover various modifications
and similar arrangements and procedures, and the scope of
the appended claims therefore should be accorded the broad-
est interpretation so as to encompass all such modifications
and similar arrangements and procedures.

What 1s claimed 1s:

1. A semiconductor module, comprising:

a substrate comprising a front side and at least one

semiconductor element formed on the front side;

a shielding structure formed on the at least one semicon-
ductor element and comprising a first shielding layer
and a second shielding layer;

a piezoelectric layer formed on the shielding structure;

a buller layer formed between the shielding structure and
the piezoelectric layer;

a conductive structure embedded in the piezoelectric
layer; and

a protecting layer formed on an upper surface of the
piezoelectric layer, a sidewall of the piezoelectric layer,
a sidewall of the bufler layer,

wherein the first shielding layer and the builer layer are on
opposite sides of the second shielding layer,

lower ends of the conductive structure are between a
lower surface of the piezoelectric layer and the second
shielding layer, a lower end of the protecting layer 1s 1n
the second shielding layer, the shielding structure com-
prises a magnetic material.

2. The semiconductor module according to claim 1,
wherein the first shuelding layer has a first density, the
second shielding layer has a second density, the first density
1s greater than the second density.

3. The semiconductor module according to claim 1,
wherein the first shielding layer has a first density, the
second shielding layer has a second density, the first density
1s less than the second density.

4. The semiconductor module according to claim 1,
wherein the shielding structure has a gradient density.

5. The semiconductor module according to claim 4,
wherein the gradient density decreases along a direction
away from the piezoelectric layer.

6. The semiconductor module according to claim 4,
wherein the gradient density increases along a direction
away from the piezoelectric layer.

7. The semiconductor module according to claim 1,
turther comprising another bufller layer formed between the
first shielding layer and the at least one semiconductor
clement.

8. The semiconductor module according to claim 1,
wherein the conductive structure comprises an interdigital
transducer (IDT).

9. The semiconductor module according to claim 1,
wherein the at least one semiconductor element comprises a
gallium nitride (GaN) based device and a radio frequency-
silicon on Insulator (RF-SOI) device.

10. The semiconductor module according to claim 1,
wherein the at least one semiconductor element comprises a
temperature detecting circuit.

11. The semiconductor module according to claim 1,

wherein the at least one semiconductor element comprises a
front end module (FEM).
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